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IMAGE ENCODING APPARATUS 

This application is a division of application Ser. No. 
081237,891 filed May 4, 1994, now U.S. Pat. No. 5,452,007 
which is a division of application Ser. No. 08/032,633 filed 
Mar. 17, 1993, now U.S. Pat. No. 5,333,013~ which is a 
continuation of application Ser. No. '17/829 ,404 filed Feb. 3, 
1992, now U.S. Pat. No. 5.251.029. 

BACKGROUND OF THE INVENTION . . . 

1. Field of the Invention 
The present invention rClates to an image eacocting appa­

ratus and, more particularly, ·to an image·encoding apparatus 
for.quantizing conversion-data obtained by·a>nvcrting image 
information onto a frequen~ region, and variaj>le-length 
coding the quanri=f convexsion data. · 

2 Related Backgmund Art 
In xcccnt years, as .an encoding method of a color image 

signal,. an adaptive OCT (discrete cosine transformation) 
encoding method bas been receiving a lot of attention. An 
encoding method in the JPEG (JOint Photographic ·Expert 
Group) orgamml as an intrmational standard mpniution 
of encoding methods of this type.employs the DCT encoding 
method. . 

A. basic system of an encncfing method of this system will 
b: briefly desc:ribcd below. 
· FIG. 2 is a ~c block diagmn· fot explaining an 

manirmcnt of a conventional encoc;ting ~using Der 
conv«;rsion, and FIGS. 3 to ' are views for eXt>Jmmng 
procesmg of the encnding .method: shown in FIG. 2. ·An 
input terminal 2 receives a diptal image signal to be 
.encoded. which signal is obtained by raster scanning. The 
image sigaal input to the terminal 2 is input tp an lx8 
blocking citcuit 4, and is. two-dimcmionally di'ViCfcd into 
pixel blocks each consisting· of (BXS) pixels •. 1be image 
signal is output to the next circuit in units· of pixel ~locb: 

A Der conversi~ cin:uit ' Der-converts the image 
signal from the blocking circuit~' and ouaputs ~ (8X8) data 
matrix for a frequency region. More specifically,. a _pixel 
block consisting of image data 0 11 to 0 81 .. u shown in FIG: 
3. is converted in~ a· data matrix including X11 to X.1, as 
shown in FIG. 4. by the circuit '· · 
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Note that X11 represents a·oc component in the hodmn­
tal and vertical directions of the ~ block. i.e., an average 
value of this pixel bloclc. If X11 to X.1 are generally 
represented by x(/' a component represented. by ,Xq .has a 
higher .frequency in the vertical direction as i is "larger, and 
has a higher frequency. in the horizontal direction as j is 
larger •. 

1be data matrix output from the OCT conversion cin:uit 
·' is. input to a linear quantization cilcuit 8. A '1'1anti7.ation 
matrix generation cilcuit 11 gcmntcs a quantization matrix 
CW 11 to W 11; FIG. 5) indicaring weighting coeflicients of 
quantization step sizes for OCT coe1Bcients X11 to X.. •. -and. 
a cocJ!icicat generation cin:uit 1' gcnaatcs a coefiicicmt C.. 
The quantization matrix {W 11 to W a), and the codlicieDt C 

. are. input to a multiplication cin:uit 20. 'lbe ~1iplication 
circuit 20 ~culates CW-t/!'9•· and qwmdmion itcps of the 
linear quantization circuit a are determined by outpits Q11 
to Qg from the multiplication circuit 20. Note that the 
coefficient C has a poslti~ valu"e, and-comrols· the image 
quality and generation data amount. 

In practice, ·the linear quandzadon circuit 8 calculates 
'X,/Qq. and outputs the ·~on ·resu1~ Assume that the 
oumuts from tbe linear~µzadon ~ti am·mpresented 
by Gu to G18• The quantized conversion data G11 to Gsi are 
output from a zigzag scanning circuit 10 sequendally from 
DC components. More specifically, the zipag· scanning 
circuit 10 outputs, to a variable length coding circuit (VLC) 
12, the data G11 to 0 18 in the order of Gu. G,2, G21' G31, 

On, 0 13, 0 14, G23, 0 32' G4u ... , 0 15, Gu, CJ.n, 061, 078, 

G8'7, and G88• . . 

1be VLC 12 calculates a predicted value for, e.g., a DC 
component 0 11 among adjacent pixel blocks. aild Huffman-

. encodes a pn:dict.ed error from the pn:dicted value. Alter­
natively, the VLC 12 performs equal-length coding of only 
tftJs DC compoaenL On the other hand, the VLC encodes AC 
a>mponents 0 12 to G88 other- than the DC component 0 11 
while zigzag-scanning qu~nrization outputs .from low-fie .. 
quency a>mponeats to high-frequency com~ts. The 
VLC classifies significant coefficients .. which do not corre .. 
spond to a. q~zadon output=O, ·into poops according to 
their values, and ffuftinan .. cncodes a set of a group identi­
fication num.ber. and a run lengtJI of the m1mber of insig­
nificant coefficients which correspond to a quantization 
output=O; and ~ sandwiched between. die immediately 
preceding significant c:oc.llicicnt and a current· signmC::aat · 
coefficient. The VLC then adds an equal-length code indi-
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eating the position of a value in a group. 

In geDeral, since high-frequency components ia an 
oblique direction of an image have a low probability of 
generation, it can be expected that the latter. half portioa of. 
Gq after zigzag scanning often becomes 0. Therefore, v.U­
able length codes o~nc:d in this manner can be expected to 
have a very high· compn=ssion ralio. Assuming a compres­
sion mtio ~~· ~ to· l~ ·as an average. an image almost 
free from image quality degradation can lJC· decoded. 

On the other hand, a transmisuon path geneially bas a 
prcdctcmrincd transmisaion capacity per unit tiinc. WlicD 
one frame must be transmitted dming each ·piedeterminc:d 
period like in a case . wain motion pictures are to Pe 
transmitted, it is desired that a code to be outpii_t ~ a fixed 
number ~f bits m mrits of frames or in uilits of pixel blqcb. 

If the ·above-~tioned coelicient C is increased, apalb­
ability that a, becomes 0 is increased, ind a total bit count 
NB of encoded dala:is dccrc:asecL lhc. iclationsbip between 
the cocJlicient C· and the total bit count NB is expressed by 
a monotonous decrease ibnction although it vades depend­
ing on images, and it is known that this ielationsbip is 
rqm:sentc:d· by a logarithmic. curve shown in FIG. ' for an 
avc::c12C imaac. 

The above-mentioned JPEG, and the like propose a 
~thod of predicting a coefiicient CO for obtaining a desin:d 
·rotal bit count NBO. ·Mme specifically, a given coefiicient Cl 
is encoded, and a total bit count Dbl of the obtained code is­
calcuJar.ed. A predicted value CZ.of CO is calculated.based on· 
Dbl and CL 'Ibis calculation can be predicted since the 
logadthmic curve shown in FIG. ' passes (Cl. nbl). 

Upon sevenl tepetitions of this operation. an encoding. 
amount including several 'II of an mar from the dCsired tOtal 
bit. count NBO can be obtained. · 

However, proces.mg for repetitively pmfomiing encod­
ing to determine the value of the coelicicm: Cl is time­
consuming. 8nd is Dot· suitable for an encoding apparatus, 
which must transmit. one frame during a pn:cfctcrm1iic:· 
period of time like in ·-tansmission of motion pictures. In . 
particular, when an image signal having· a very bigh bit iate 
such.as a high-definition television signal is to. be processed, 

. ~ processing is imposstole. 

SUMMARY OF THE JNVEN110N · 

1be present invcatioo has been made in consideration of 
the above situation. and has as its object to provide an image 
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encoding apparatus for quantizing convcnion data obtained 
by c:onverting:tmage information onto a frequency ·region. 
and encoding. the quantized conversion. data, wherein the 
image encoding apparatus can perform high-speed process­
ing, and can set. a data. .amount in units. of frames to be a 
desired data amount 

For this purpose, according to one preferred asiJect·of the 
preSent invention. an image encoding apparatus comprise$ 
convexsion means for converting image information into. 
data·on a frequency region, parallel output means for par-· 

-allclly outputting the converted datato output the convened 
data of a plurality of .channels, quantization means. for 
respectively quantizing the converted data of the plux8lity of 
.channels: output. from the parallel. output means;, opemtion. 
meana for calculating adata amount-to be pbiained when one 
of the convened: data pf the plm:ality otchanneJs output from 
the quantization means j.s encoded; coeificieat. generation. 
means .far ~g a quantization coC:fiitjent fo~ &;antrol­
ling a qnanti~on step of converted data of other channels 
of the. quantization means. and encoding means for em:ocling 
at least one of the ci>nverted data of the. plurality· of Channels· 
output.from the qnandzadon means. 

Other objects ~ adv.antages of the present invention-will 
.become apparent 1Iom the· detailed· :description. to follow 
taken in ~di.on with the appended-daimt.' 

BRIEF:DP.sOUPTION OF THE DRAWINGS' 

PIO. 1 is a block diagram showing· an amogement ~fan 
image encac:ling apparatus.accoiding to-the fiat embodiment 
.of~ present invention; 

FIG. 2 iS' a schematic block diagram for explaining an 
1a3D$cmeDt of a convelltio~ Cncoding mcthOd using Der 
conversion; . 

FIG. 3is a view showing a.pixel block consisting of. (8X8) 
image data; 

PIG. 4 is a View .sho\ving a ·DCT-convetted data matrix; 

FI~. 5-is a view showmg a quandzation·matdx h14icating 
weighting coef!icients of quantizadon stev sizes_;: 

FIG. ,. is ~ giaph. showing the mationship between • 
control coef1icient C and ·a total bit coµnt; 
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FIG. 7 is a block diagram showing·an arrangement. of an 
· image encading apparatus according to the second embodi­

ment of the ~cnt in\rcntion; 
FIGS .. SA and IB are •ws for explaining a convergence 

state of the conttol cocflicient C;. 
FIG. 9 is a block diagram showing ·an arrangement of an 

image encoding apparatus · accor:d1ng to the third embodi- . 
m~t .of the pment. inVention; . 

. FIG. 10· is ·a chart fi>ti ·explaining ~ coattol operatio11 of a. 
data .transmission order~ the ~,aratus sho~ in FIG •. 9; 

FIG •.. 11 is a~ for explaining a control .. op~of a 
data transmission order of ·nc anc1· AC components, .which 
.are ~y o~taiued; 

FIG.12 ia a bloCk diagram ~wing an ammgt:mcnt of an 
··~ ~i "appaaitu• accontinl to the f~ einbodi-. 

. meat of the present iaveiidou; and . 
FIG.13 is. a block diagmm showing an arrangement of an 

image cmccxti~g appamtus according to tJJe:fifth cm&odimcrit 
o( the JJreseut.mvention. 

DETAU.EO DESCRIPTION OF THE · · 
PREFERRED EMBODIMENTS 

.The preferred embodiments of the present invention will · 
be . described in detail. hereinafter with reference to the 
accompanying drawings. · · 

.. FIG.:.t·is a block diagram showing an artangement of an. 
encoding apparatus 8ccordilig to the first embodiment of the 
present invention wherein the present invention is applied to 
a trmSmission apP.aratus for ttansmitting. a televis,ion ~~. 

In f'IG. 1, an input terminal 20 receives a teleVisio~ 
signal ·The· television ·signal input &om· the terminal 20· is· 

·converted into 8-bit digital data by ~-AID conv~ 22. and· 
is. divided .into (8x8) pixel bloclcs. bJ an (8x8)' bloclcing 
circuit l6 for ·performiilg the same operation as that in the 
~locldilg circuit·shO~wn in· FIG. i. ·~e television sign&J. is 
supplied to a DCT c~version cllc;uit 28 in ·units of·blocks. 
. ·Pixel da1a Pu to Du ·of each block~are converted by the 
nc:r conversion tjrcuit 28 inio a chU3.matrix CX11 to X.a> for 
a freqaency .region hr the same.mmm~ as i~ FIG. 2, and the 

. ~·matrix is supplied to a zigzag sca~ing circuit 30. The. 
ziizag scann;ng · clrcUit· 30 perfoims the same operation as 
the .zigzag .~ning circuit· 10 sho~ in FIG. 2, and outputS . 

. the DCT:converted data matrix ·cx,1 tQ Xal in the order. of 
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Xu •. X12• "2i · X,1,.Xzz, X13, x, .. ,; X23, "32' x41 • · · · , xa,, 
Xics11 X.,.,. JC.8, ~'' ~n· and .X8a. . 

A quamizadon. matrix .geiieradori clrcuit"36 generates the 
. abovc-mCn_tioned quintb.ation matrlx (W 11 ~ W a) ~ this 
e~dimen~· since alrCady zigzag-scann~,data me-input. to· 
. quantization circuits ~=to 32e,, .quantization. matrix· data 
W1i.to W88 an: generated in.the ordcrcom:spondhig.to the. 
zigzag scanning, .and.are supplied· to .multiplication cirCtiitS 
.Jla'to'3k 

the 'multiplication· circUit 3la receives ~ initial coetli­
Cient Cl. as. die above-mentioned coe1Bcient (comrol coef­
ft~ent) ~from~iriitial coe1icieut ~on~~ hl·tbis 
embodiment. the initial coefficient Clis set to be "l!'; When 
- initial.coe11icientCl h •et tc?·be. "l"', since.W,=Qq...the 
multiplication.cin(uit 380 can be omitted, and the qwmtiza-· 
.tion matrix Gata W 11: to Wai can: be directly inpqt· ~- tfje 
quantization circuit·~ . 

1n· tins manner,. the quantization circuit 32" obtains quan-. 
tiZatiqn-codea· G111 .~ Gls1 _Qased qn the CQDirol ~cie;it. 
~L These quammd · conversioxr codes .Gl11 . .to Gla are 
input.to. a V,LC 40a.. 

In ~·embc?Cfiaient; VLCs 40a to 40ddo not output actu3I 
enc~ data, bu~ .output. only pieces ot total .bit . count 

.infomlatioa nbl to ilb4 in m1itS or frames obtained. upon 
execution of the same processing as ·in the ·=VLC 12 ·m FIG~· 
. 2.· riie total bi~ count.#lfolmation:nbl output from the vLc 
_, ia input to a coefiicient operation.circuit 44a. Coeficicnt 
operation~ 44a-t.o 4"4d predicta:controt Coeiicient co 
coaesponding to a .1esiJ:ed total ·bit· count NBO. using the 
pieces of total .bit cowit infmniman·nbl to nb4 tioin tbC 

· VLCS 40a to· 40d, ~ inidaf c:oeflcient Cl~ and outputs· ci 
to C4 from the coeilit;ient.operalion. circuits 44a to 44~ and. 
respcdiveJy output controlcoe11icicilts C2 ro CS. ·The coef~ 
ficieat. ~on cimlits ~ . to · 44d output· the_ coiitroI 
coefticients C2 to CS, .obtaiped b.sed on conversion.data for 
.one frame.input tO the quandzadoa.cfrcuits 32.a to ll(~at the. 
input tiining of con~on .cfata for. the -neXt .ftame to. th8 
.pzantizadoa cirC:oits .32a to 32it 

·0o ·tho Other .hand~ circuits. {lFDLs). 34a to 3'4d delay the 
outputi .from tt:ae zigzag scann~g · Cln:uit ·30 by one frame 
period. ~fore, ~e eontrol·coelident C2 output from the 
coeflicientopcmtion cin:uit 44a is~ to the lllllltip~icadon 
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circuit 38b at the input timing of conversion data for ooc 
frame, which are used for obtaining the control coefficient 
C2, to the quantization circuit J2b. ~e multiplication circuit 
lib calculates (W 1,xC). and inputs the result to the quanti­
zation circuit 32". More specifically, the quantization circuit 
32b performs the second quantization for a given frame, and 
obtains quantization codes G2u to Gla1 based on tbcrcontrol 
coefficient C2. The quanti7.ed conversion codes G211 to Glu 
are input to the VLC 40b. 

The opemtions of coefficient operation circuits 446 to 
444 the multiplicad~n circuits 3lc to 31e, tbe· IFDI..s 34b td 
344 the VLCs 40h to. 4CJd, and the q1Jantization circuits 32c 
to l:U are xespectively the same as thQSe of. the coe11icient 

· operation circuit 44o. the muldplicadon ·circait lib. the 
1FDL 34a, the VLC 40t.r. and· the quantization circuit 32h. 
These ciICUits sequentially update ~ predicted value of a 
desired control coeilicient·for a .. given frame. 

Thus, the pmlictcd vaiuc CS of the control coc11icicnt 
obtained from the coefficient operation ciiCuit 44d can be 
caused to converge to a value Vf':ZY close to the control 
coefticient CO coaesponding to ~ desired total bit count 
NBO. In· this embodiment, the control coefticlent C5 is 
supplied to the muldplic:ation ciicuit 3lk as a fiD3I control· 
coefficient C. The output from the.multiplication cilcuit 3&!_ 
is supplied to the qnantfaation cilcuit 3k TJM;:·quantization 
cin:ait 37.e qimntfzes the output from the lFDL ~ i.e., 
conversion data. which are delayed ~ a total of four frame 
periods, ·and .supplies the quanri~ ·m. to t VLC 40e.. 

The VLC. 40" actually performs encoding ~ was 
descnDed earlier with reference ·to FIG. 2. .and outputs 
encoded data (DATA). The encoded data are output from an·· 
entiy buffer 4' at a pn:detennincd bit rate, ~ are muld­
plexed With the final contml eoefficient c by a multiplexer 
41. The multiplexed data are then output.from a terminal 50 
onto a trs1nsmission path. 

The second embodiment of the ~t invention will be 
described below. 

FIG. 7 is a block diagmn showing an maagemeot of an 
encoding apparatus according to the ·ICCODd embodiment of 
the pa:sent. invention wherein the present mventiou is 
. applied to a aausmission· apparatus for traosmltdng a. tele-
vision signal •. 

Note that the same refcrcncc nummals in FIG. 7 denote 
the same parts as in FIG.1. and~ deiailed. desaipdon themof 
will be omitted. 
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In this embodinient. a coefficient opeiation circuit .41 
supplies a predicted initial coet1iciem: 11 the above-men­
tioned quandzadon coc.6icicnt (couuol cocf1ici~). Cl to a 
amltiplicadon circuit 38a. Nam that the ~Ctcd initial 
coefficient will be described later. The coefficient opemtion 
circuit 41 pcdicts a control codicient CO com:spon~g to 
a desin:d total.bit count NBO using pieces ·of total bit count 
information nbl ·to nb4 from VLCs 4Ga to 40.( the initial 
coe1ficient Cl, and-ootpots ~ to C4 of this opemioD circuit 
41. and outputs control coefficients C2 to CS. The coefficient 
opetation cixcuit 41 outputs the eomrol coeflicients C2 ~­
cs, obtaiml· based on ~nversion data for one.frame input 
to quantiutiou cixcuits 31.a to 32d, at the input ~g of 
conversion data for the next frame to the qu~ntiution 
circuits 32a to 314 

The ammgemeiit and. operadoas of~ second ~­
·mem are the same as thme Of the encoding apparatuS of the 
fiat embodiment.- eXcept for the abov~mentioned mange­
ment and operations. 

The predicted U.Dtial coeilicient will now J>e. described. 
In genera!, motion. pictures have a high coaelation among 

frames. For this re1son. when adaotive· DCT encoding is 
performed to set-a control ·coefficient (quantization coefli­
cieat) so as to maintain a constant total data amount for one 
picture (one frame), the.comrol coe1ficients.bccome almost 
the same among frames. · 

In this embodiment, by utilizing the high correlation 
among frames, a value obtained in the immedi~ly preced­
ing ~ is used as a control coeBicient to be· input to the 
multiplication circuit 38a. Thus, a convcxgcncc time of 1he · 
control coeJ!icients C2. to C5 ~til an optimum -control 
coefficient is obta;ned cari be shortened. and a more accurate 
control coefiicient can be obtainecL · 

A further de~ explanation will be made below _with 
reference to FIGS. IA and IB. 

FIG. IA shows values Cl to CS when a control coefficient 
of a given frame is obtained. As can be seen from FIG. IA. 
the control coe11icient converges to a taJ:iet optimum cOlltml 
coefiicicnt value while oscillating. · 

FIG. ID shows values Cl to CS when a control coefficient 
of a ~·next to the pven flame is obtained. The initially 
input value Cl is the control cocf&cient C2 of dJe immedf .. 
ately ptr='diag frame. ~e •• che value C2 (this value will be . 
refem:d to as ·a predicted· initial codicient) shown in FIG .. 
JA. It can be n::gatdcd. that an optimum control cocflicieut of 
this frame is· almost the. wne as that of the immediately 
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preceding frame;. Thus. iincc the value Cl becomes clocto 
the optimum control coetlicient. the convergence lime can 
be shortened. and a value closer to the· optimum conaol 
coeflicient· can be obtained.. 

·As the comlation among frames is higher, images having 
higher image quality can be obtain'"" upon·repetition of this 
operatien. 

The thild cmbodimcut of .the ~ in~on will be 
described below. · 

· . FIG. 9 is • blOc:k diagram showmg an aamgement of m 
encoding app~ according to the third embodiment of tho 
present invention wherein the present inVention is applied ta 
a transmission apparatus for.transmitting a television signal. 

Note that the same reference numerals in FIG. t denote 
the same parts as ia FIG.1, and a detailed descrlption tbaeof 
will be omitted. 

In FIG. 9, VLCs 40a to 4Gd of this embOdimmt calculate. 
·total data amounts of.only AC componc:Qts afca' encoding, 
and ~ pieces of total bit count infomJadon abl to. ab4 
in units of frame-. On the other hand, DC components .are. 
equal-length coded. · 

The o~ons up to·a multiplication ciicuit lie, except 
for .the abovc-mcntiom:d processing opcntions of the VLCa · 
40a to 4°" are the same as those in the first eriJbodiment. 
The F.<JCeS.ms operations after the multiplication dicuit. 
3le will be dcscribcd in detail below. 

The output from the multiplication cin:uit ~ is supplied. 
to a quantization circuit 32c. 1bc qwmtizadon circuit 3~ 
quantizes outputs ~ a lFDL 34d i.~ at least AC c:Om­
ponenta of conve!Sion data delayed by a total of.four frame 
periods, and supplies quanrimd.cfala 0!12 to" G~11 to a VLC 
40e. . 

The . VLC 4• . act:naJJy performs. cnmding that was 
descn"bed .above with reference to FIG. 2, on AC· compo­
nents G5J2 to 0511, m4·outputs eocqdm data (DATA). · 

On the other hand, DC components are sepmted from the 
outputs from· a. lFDL 34C by a DC extraction Cimdt ~and 
me input to ·a quantintfon cin:uit 52. 1be _qnan~on 
ciralit .52 quantim a DC component X 11 ·by a predeter­
mined quantization step in~y ~f the above-men­
tioned coeJ&cient c. and inputs the quanlized component to 
a coding ~t 54. · 

The coding circuit 54 equal-length codes tnc above­
mentioned DC component by, e.g., predicted· diJferential 
encodin.R. DC component data equal-length coded by the 
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coding circuit-"~·· mi AC· component data variable-length 
coded by the VLC ~. as described above, arc n:spedively 
input to bu1fer memories S' and 46. · 

The read operations of encoded data from the. mcmxics 
4' and S'·are conttolled by a ~uffer control circuit SB. In this· 
case, conttol is made as follows. That is, as for em:oded data 
for a given &ame, all the DC component encoded data of the 
frame arc tead out first. and then,. AC component caa>ded 
data of .the ~amc ·frame ate read out. · 

The relationship between read and write timings of data· 
stored in : the meaiories 4' an~ 56 will ·be descnbed below. · 

FIG. 10 is a chart. showing tbf? data wtite timingS to 1hc 
memory 46, ·i.~· the write timings of AC· componc:nt 
encoded data -(AC), .the data· write timings ·ta mem.my 56, 
~the write timings of DC a>mponent:encodcd dara. (DC), 
and the da1a iead thningi from these.twQ mrmodea. 

·since ·DC component -~cd data (DATA-2). is qmm­
dzcd by tbe.a>ustaatqnantizadon ~ indepeadendy of the 
abOve-mentioned c:oeflicient C, qr1anrizarion. can be per-_ 
foaped befom detes:.-oimt{m of tbc 1iBal c:aet1icient C in tlie 
coefficient opc:radon_ c:U:cuit 44d. 

FOF tlU mssoli, m FIG. t, · DC compom:nr:- data arc 
separated and~ by the OC exuacticm.dl'cuitSl atfhe· 
input ·side of the IFDL 34d ai. the final siaie, and. an: 
qmmdZed by tlie quanrinrion circuit 52. 

Thus; during a period !or. wliich AC camponem mt.:'Jded 
•(AC) of a frame of interes' are -vaiuenin .the memory 
4'i. DC c:om.pEJDent. ·enc;oded· data (DC) of -lfu: .same hme · 
already stated in the memory·5'·ean be iead outpdor to dJ.c 
AC component encoded data (AC). 

·0a. the other hand, FIG. D is a c:Jmt showing the 
ielaEionship between read ·and wrlte· darings of dala ame­
sponding tD AC compoaent encoded dara (AC) .and DC 
component =Coded ·c1ata (DC) when the AC aDd DC com­
ponent data are qWIDtm:daDd ~ durlng asmgle bmc 
period 'without usiDg .the DC extraction. citmit. 51. 

In this-case, since read access·is per.formed to be cfela,ed 
by ~ frame fi:om write access ta change.the tansmissiQn 
older of data. a.. cap~ for tw.o 1Iamc:s is rc:qUiled for a. 
memoty of AC component data. · 

As can· be understood from the above dcsc:dption. a 
memoq capacity. n:quUed when the ttansmissioo.-omcr of 
data is changed in units of frames corresponds ro two lamea 
acco:Rfing to the co~oml amuigemeot. However. in £his 
embodiment. a memory havinst a caoaci.r:y for one frame 
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need.only be manged.for.AC .component encoded data (AC) 
so as to change the. data transmission Older. 

Needless to· say, the memories 4' and· 5' also have .a. 
buffer function for n:ading, out data at a predct.ei'mined bit 
iate. 

At this time, the bu1fer COllttOl cirmit 58 controls·. to 
Slightly delay the-data read start timing of eaCh frame Crom 
the write start timing,·so that the read addresses of data from 
the JDCmOI)' 4' do not overtake write addresSes. 

The AC -compc>nent encoded· data {AC} ·and the ·DC 
component en~ data (DC) read 9Ut from the rD.emortes 
4€ and 56; as descn"bcd above. are multiplexed by a multi­

. plexer 48 tc>pther with the. final . coeflicient C, and the 
multiplexed· dala are output from a terininal 60 ontb a 
transmission path at a predetermined ·bit rate. 

1bc fomth embodiment of the present invention wDrbc 
desc1ibed below.. . 

FIG. 12 is a block diagram showing an arrangement of an. 
encoding apparatus- accotding to the fourth embodiment of· 
the present invention wherein the present invention is 
applied to a transmission apparatus for transmitting a tclc-
visio~ signal. · 

Note that the same reference numerals in FIO. 12 denote 
the ~e parts as in FIG. 1, and a detailed description thereof 
wfilbeomi~ 

This embodiment assumes an app~. which dOes not 
pemlit that the total .bit count of each frame after variable­
len~ coding· cxcc:cdS a dcsi:icd total bit count NBO even 
slightly. 

Therefore,·. unlike· in the first to. third embodiments, a 
predicted control coefficient is not. directly used. This 
einbodiinent selects • .from control coefficients- for a given 
framC, a control coctJici.ent corresponding to a total bit c:ount 
after variable-length. coding. which. is less than and closest· 
to .the desired tot.8I bit count NBD. 

1bc·ammgement .and operations.except for those associ­
ated with this selection are. the. same as those of the first 
embodiment. 

)be·opecation.assoclSUed. with:tbe'abo~e-mentioned·.selec­
tion ~will ·be .desc:naed below. 

In FIG. 12. a fo~-frame period dday cin:uit (4PDL). 55a, 
a tbr=-framc pcriad·dclay circuit (3FDL)" SSb .. .a two-&amc 
period. "delay circuit. (2FDL). SSc. alid a ODO-frame· period 
delay-ciicuii (lFDL) 55d iesp~vely delay control· coefti .. · 
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cleats Cl, C2, C3, and C4. \V1th. these circuits, the conaol. 
coelicients Ct,.ci. .Cl. ilDd C4 "input to a coefticientseltctor 
53 become those for an image .of a single · franie.. The.41C 
coeJlicieiits Cl t0 C~ .are inpn: to ~ coefficient seleetor 53.· · 
at the input timing of an image of the coaesponding frame 
to a quantization circuit 32e ·through a lFDL J4J.. · 

The timings of pieces of' total bit count information n.b1 to 
nb4 obtained when q1Jantization and eneoding are performed 
using these control coefticients Cl t0.C4.ate acgUsk:d:to each 
·ather.by·a 3FDI.: Sia,; a 2FDL S7b, and a lFDL S7c."More· 
sP.ecifiC~y, the pieces of total ·)?it count (da~amount) 
infonnalion nbl· to nb4 coaesponding. to the co~l coe[-

. ficients Cl to C4_input-to.the coe11icient selector 53 are inpUt. 
to a. ~i:flic:Um decision circuit Sf · immcdiitdy before a 
perio~ for which these eontml coe1ii¢ents ci to C4 are inpu~ 
to the ~Qdicient selector 53. 

The· coetlicient decision ·cin:qit · 5' deteCts ·information· 
corresponding to a to~ bit. count,. which is less ·than .an4 
closest: to the desirc:d total bit count NBO, and supplies 2-bit. 
~ infonnation to the· coefii.cient selector-53 ~g 
to the detection xesult. . . 

· Thecefme, the c:oef1icient seledm: 53 selects a comrol. 
coeBicieat correspQricting to· a total ·lit count, which is less 
~ aDcl closest to ·Ehe·desited·total bit co•·NBo upon 
variable-length cocfin&'fmm the. control coefficients Cl to 
C4,: and. outputs the selected coe11icient. 

In this ~t, ~-control coetlicient output from 
the ·.coetlicient selectot ·53 is determined as a final cOptrol 
codideat C. and is su.pplied·to a muldplicadon circuit 38e. 
Te output-fmm.tbiJ multiplicad!Jn ~t 3&r is suppliecj to 

·.the quantization c:ifQdt 32e. · 1be · quaadzation ~ .,32e 
q~ ·outputs ~·the 1FDL 341( ·ie.., conversion Clata 
~yed by a' total of four frame .periods •. and supplies .the. 
quandz¢d.:_~ to: 8-VLC 40e. · · 
· The. VLC ~ ·aCtuany. performs encoding. that ·.was 

described above . with reference to FrG. 2,. Ind outputS. 
encodecrdata (DATA). The.encoded data are output from an 

· ·~ll'Y. buler-4,-at a ·omdetenained· bit rate. and Ir!=:. inulti:. · 
plcxed with the final control caeBicient c by a multiplexer 
48. The multiplexed data are then output from a terminal 50 
onto a t:ranSmission path. 

The fifth embodiment of the present invention will be 
described below. 

FIG. 13 is a block diagraxii showing· an arrangement of an 
encoding apparatus according to the fifth e~bodiment of the 

I , 
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present inveiition wherein the present invention is applied to 
a transmission·~paC1tus for ~milting a television signal. 

Note that the same reference numerals·in FIG. 13 denote 
the same parts as in FIG.1. and a detailed ~ption thereof 
will be omitted. 

This embodiment assumes an appaxatus ·. which does not 
pennit that the total. bit count of each frame after variable· 
length coding exceeds a des~d total bit count NBO even 
slightly. like in the above-mentioned fourth embodiment. 

The arrangement and operations except for those to be 
described below are .the same. as those in· the first embodi­
ment. 

In FIG. 13. VLCs 40a to 40d of this embodinient output 
pieces of total bit count infomWion in units Of· frames, anc1 
actually encoded co4es. · 

Pieces of total bit count infmmation Dbl to nbS calculatCd 
by the VLCs 40a to 4fe me·~ to a mtc fixer. 43. The rate 
fixer 43 discriminates. from nb1 to nb5 for a sing!~ frame, 
total bit count information cmresponding to ·a total bit coUDt, 
which. is equal to or smaller than and. closest: to NBI, and 
determines a control coemcient giving the tot81 bit count and 
~ cedes as a final control Coef&cient. and encoded 
codes. 

Data butfera 4Sa to 4Sj are used for supplying eocoded. 
codes dl to d4, output from the VLCs 40tz. to 40d; ibr the 
same frame as a Uame conesponding to aa encoded code d5 
oatput from a VLC •. to a.data selection s~ 47 at the 
same timing as the encoded code d5. 'Ibc.dala b1dfexs 45a to 
4Sj delay (buffi:r) coatml coe1licients Cl to C4 giving the 
four encoded Codes ell to d4 for a single frame, so ·t1m th• 
control coe16cients am supplied to the data~ switdi 
at the same timiost as the encoded codes.ell to d4. 

The rate fixcr.43 controls the data sdcction switch 47 to 
output one of the encoded code d5 output from.the VLC 40e., 
and the eacoded codes ell, d2, d3, and d4 output ·from the 
data bders 45~ 4Sg, 45i, and 45j as a final encoded code 
DATA. In addition to the . final encoded code. .the data 
seledion switch 47 outputs one of the control coeilicient CS 

. output from. a coc1licient operation cin:uit 444 and· the 
control coefiicients Cl, CZ. C3. and C4 output from.the data 
buffea 4&( 45g, 4Si, and 451 as a final control c:oe11icient F. 

The encoded code DATA and the contml codic:ient Fare 
multiplexed by a multiplexer 41, and are ouq>ut from a 
terminal 50 onto a transmission path. 

According to the amngement of. each of . the above 

I i 
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embodiments, since the conuol coelliciciJt C is not fed back 
at all, a Period required for. processing for one frame can 
become the same as that· of processing using a constant 
conaol coe1!icient C although a calculadoa of die control 
coeJJicient · C for a single ftame" is. pcrfoaned five times. 
Thus, very high-speed pmcasing can ~ reali7.ed. 

In the third.emhocHment. the data transmission Older can 
&e· changed, Le., DC compoaent ~data. (DC) am be. 
output prior to AC co~t data ~I a small memory 
capacity. . . 

Note that various modi1lcadons of the pesent mvcntion 
may be made without ~I from the spirit and the 
pdncioal features of the iliventioa. 
· For example, in order to realize ~ high-speed process­

ing, the control coetllcient Pis determined in units of frames. 
However. if there is a margin for a processing time, a unit 
(period) for detennining the value of_ the control coe11icient 
. F can be dcCicascd (shortened). 

In each.of the above embodiments, the coefficient. opera­
tion cin:uits 44b to 44cl predict the desired control cocfiicicnt 
CO using the coetlicients Q to C4 output from the coet1i­
cieut operalion ciicuits 44a-to 44c, and the.pieces of total bit 
count information nb2 to nb4 obtained when quaatizadou 
and variable-length coding am .performed accotdiag to the 
coeflicients C2 to C4. These circuits can more accurately· 
predict the control coefficient using coeflicients and total bit 

'CQJmt information at the immediatcl"y pn:ccring stag~ in 
addition to ·the above-menti.oncd coeJficieats and informa­
tion. ·For elta1llple. if the coefficient operation cilCUit 44b . 
uses the coe11icients Cl and C2 and··tne pieces of total bit 
count informadon . Dbl and nb2 · so as to calculate· die · 
coefBcient C3, the coet1icient CO can be p.talictcd mme 
accuately. . 

Jn.each of the above embodiments, in order to parallelly 
output DC'l"-convetted data X having a time· dUfcrmcc of 
one frame period. the· lFDLs 34a to 34tl· are sedes-con­
neded at ·tfle output side of the DCT conveniOn cift:uit 21 
and the zipag scannhlg ~ 30. When the number ofbita 
of the DCr-converted data X must. be iDaased.. a plumlity 
of IFDLs may be coanected in series at the output side Qf the 
(8x8) blocking ci1Qlit2' so as.to save the memcxy capacity 
of the IFDLs. and the outputs of the lFDLs may be . 
connected to the ncr conversion circuit and the zig-ag 
scannjng cin:uiL 

In the fifth embodiment. the encoded code output fmm.the· . 

I : 
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Vt.Cs 40a to 40e for a single _frame· cm be ·output.·· IB 
practice, the. same e1fect c3a. be obtained in such a mamu:r 
that the encoded c:odes from only the VLCs 40d aad 40d can 
be output, or the encoded c:odes · oUlpUt from the Vt.Cs 
40c to 40e cali be ~vely ~tput. In this case. the 
capacity of each data buifer can be decreased as compan:d 
to the embodiment shown in FIG. 13. aad an increase in . 
hardwaa: Size can be sut>pressed. · 

Thercfcm:, the abow-mcntioned embodiments axe merely 
examples in all RSpectS. ·and must not be. construed to limit 
the invention. 

The.scope of·the present inve~ ii defined by the scope· 
· of the appended claims; and is not limited at. all by the 
specific dcscrlptions of this spcciliCllfon. Furtbcrmare; ·all 
the modifications and chaqes belonging to equivalents of 
~ claimc are oonsidemd to fall within the .scope of tile 
po:sent" invention. 
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What is claimed is: · 
L An image processing ~, comprisilg 
a) dividing means for diViding image. dara of an input 

picture into a plurality of blocks; 
b). a pluality of code quantity esdmalioil me:'"'. for 

esdmaring code qwmtity of data pro'Yicfed by coding.the 
blocb by_ dUfcn:nt quandudon steps; ml 

,\deli • . • - . t:. ..r-~-!- •L- • ... . c,-~· manation means· A'Or UQQWWWI yu:; qu;tntiL'O'l 
. step to bC: used for the code quantity .esrimarion or the 

blocks by refc:rring to the q11and7.ation step used for the 
code quantity esri'?"'rion ·of the other blocb. · 

2.-An apparatus~ ta claim 1, further compdiing 
quandzadou malrix genaaiioa means for providing a com· 
·~ ·qi1antiradon mamx. ta said pluraliiJ of code quantity 
esrimadon means. 

3. An apparatua. accOrding to claim 1. wherein. e:d. of 
plurality of code quandtv estimation means includes. qan· 
tizadon means for quantizing data of the block divided· by 
slid dividing means. . 
. 4. An apparams ac;ording to claim 1, wherein said 

dividing means includes orthoional tramform nnns for 
orthogonally transforming dara. of the. blocks. 

· 5. An ~ according to claim· 4. wbereia ·said 
. plurality of code quamity· estimation means perfmm$ an 
estimation opemtion on an A.C. · component of transfoan 
data. output· from said orthogonal transform.means. 

'· An · apparams · accmding· to claim ·4, wherein· ·said 
orthogonal tcmsfcmn means performs discr:ete cosine uans-
forma!ion. · . 

7. An ap~ accotding to claim 1, further comprising. 
control means for ~lling ~q11anri-ptton Sf"P. of~ of 
said plurality of code .quantity estimation mcaas aa:cotdiag · 
to an output ~f another one of·said plurality of code quantity 
estimation means. . 

8. All apparatm accoiding to claim 7. whezein aid control 
mc:aas includes gc:ac:mdon. means for geaeradng quantiza­
tion control information f'or control of the quandzadon step. 

9. An. appal-alus aCcording to claim 8, further compdSing 
coding·means for coding the data of the blodcs by usfng ~ 
quantization coattol infonnation. generated by said genera-
tion means.· · 

ta An· apparatus according· to claim t, farther comprising 
multiP.fexing means for multiplexing coded dala output from 
said coding. means and the. quantization control iaformadoa 
used to obt.ain. the coded data. 
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